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ABSTRACT 

T h i s  r e p o r t ,  Reference T r a j e c t o r y  No. 4 (Guided 
Reen t ry )  is i s s u e d  as volume 4E of Lunar O r b i t  Rendezvous 
Reference  T r a j e c t o r y  Data Package (U), I s s u e  4 .  The f i r s t  
f o u r  volumes prepared  by Space Technology L a b o r a t o r i e s  are 
as f o l l o w s .  

Volume 4 A  - Summary and Reference  T r a j e c t o r y  No, 4 
Data E x h i b i t s ,  d a t e d  August 1 2 ,  1964, 
N O .  8408-6071-RC-000 

Volume 4B - P r i n t o u t  Keys and Reference  T r a J e c t o r y  
No. 4 L i s t i n g  ( E a r t h  Launch t o  LEM 
F i n a l  D e s c e n t ) ,  da ted  August 1 2 ,  1964, 
NO.  8408-6072-RC-000 

Volume 4 C  - Reference T r a j e c t o r y  No. 4 L i s t i n g  
Continued (LEM F i n a l  Descent t o  
E a r t h  Re-en t ry ) ,  dated August 12, 1964, 
NO . 8408-6073-RC-000 

Volume 4 D  - Reference T r a j e c t o r y  No. 4 L i s t i n g  
Concluded (Re-en t ry ) ,  d a t e d  August 1 2 ,  1964, 

ni.-n NO. 04U0-6674-R2-000 

The above volumes c o n t a i n  a complete unguided reference 
t r a j e c t o r y  i n c l u d i n g  t h e  r e - e n t r y  phase. This r e p o r t  (volume 4E) 
c o n t a i n s  a gu ided  r e - e n t r y  w i t h  t h e  same t e r m i n a l  c o n d i t i o n s  as 
t h e  unguided r e - e n t r y  of volume 4D. 
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G U I D E D  RE-ENTRY 

c 

The Reference  T r a j e c t o r y  Data Package t o  which 

t h i s  i s  appended c o n t a i n s  a n  "open loop" (ungu ided)  Apollo 

LOR t r a j e c t o r y .  Fo r  t h e  powered f l i g h t  maneuvers t h e  f u l l  

op t imized  s t e e r i n g  o r d e r s  of  t h e  "open loop"  t r a j e c t o r y  

r e s u l t  i n  good f i r s t  approximat ions  t o  t h e  f i n a l  gu ided  

t r a j e c t o r i e s .  I n  t h e  r e e n t r y  phase t h e  cor respondence  

between t h e  "open loop" and guided t r a j e c t o r i e s  is less 

c l o s e .  The i n t e n t  of t h i s  volume i s  t o  p r e s e n t  t h e  r e s u l t a n t  

LOR r e - e n t r y  t r a j e c t o r y  parameters  as i n f l u e n c e d  by t h e  

c l o s e d  l o o p  c o n t r o l  of t h e  MIT r e -en t ry  Euidance l o g i c .  

The guidance  l o g i c  u t i l i z e d  is t h a t  d e f i n e d  by 

MIT as o f  J u l y  1, 1964. The c h a r a c t e r i s t i c s  of t h e  v e h i c l e  

res ta ted  from Volume 4 A  a r e :  

L/D max = .4 

= 57 lbs/sq.  f t .  W 
7 

C l 4  u 

W = 9500.0 l b s .  

ATMOSPHERE MODEL = U.S. S t a n d a r d  ATMOSPHERE, 1962 

The r e - e n t r y  phase i s  i n i t i a t e d  15,666.7 min. from 

l i f t - o f f .  A t  t h e  p o i n t  o f  r e -en t ry  t h e  v e h i c l e  has a longi -  

t u d i n a l  range  t o  go of 1 1 4 1 . 4  n a u t .  miles and a l a t e r a l  r ange  

t o  go o f  141.6 n a u t .  miles t o  reach t h e  l a n d i n g  s i t e  l o c a t e d  

a t  9.9 degrees S l a t i t u d e ,  198.6 degrees E l o n g i t u d e .  For  

t h i s  r ange  a s k i p  from t h e  atmosphere Is  no t  r e q u i r e d ,  therefore,  

t h e  r e - e n t r y  p r o f i l e  c o n s i s t s  o f  a n  i n i t i a l  f u l l  p o s i t i v e  lift 
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. 
phase t o  " p u l l  up", a second phase  i n  which  t h e  f l i g h t  p r o f i l e  

i s  i n f l u e n c e d  by " c o n s t a n t  drag" guidance  and a t h i r d  and 

f i n a l  phase i n  which t h e  f l i g h t  p r o f i l e  r e f l e c t s  t h e  " e q u i l i b r i u m  

g l i d e "  gu idance  mode, 

T h i s  volume c o n t a i n s  t h e  p r i n t o u t  and p r i n t  key  

p l u s  p l o t t e d  time h i s t o r i e s  o f  s e v e r a l  i m p o r t a n t  t r a j e c t o r y  

parameters, The e q u i v a l e n t  i n f o r m a t i o n  f o r  t h e  "open loop"  

r e e n t r y  t r a j e c t o r y  i s  con ta ined  i n  Volumes 4 A  and 4Dm 



OUTPUT KEY FOR GUIDED RE-ENTRY 

X 

Y 

Z 

XD 

YD 

ZD 

XL 

YL 

ZL 

ALT 

R 

RDOT 

V I  

FPAI 

PSIV 

Components of t h e  missile p o s i t i o n  i n  an earth 

cen te red ,  r i g h t  handed,  i n e r t i a l  c o o r d i n a t e  system. 

The system is or i en ted  such t h a t  t h e  X - 2  p l a n e  

c o n t a i n s  t h e  t r u e  v e r n a l  equinox o f  date  and t h e  X-Y 

p l a n e  c o n t a i n s  t h e  equator .  The Z axis p a s s e s  

through t h e  n o r t h  po le .  

Components of v e l o c i t y  i n  t h e  earth cen te red  

i n e r t i a l  coo rd ina te  system. ( f t / s e c )  

Components of  t he  l and ing  s i t e  p o s i t i o n  i n  t h e  

ear th  cen te red  i n e r t i a l  c o o r d i n a t e  system. ( f t )  

Al t i tude  w i t h  r e s p e c t  t o  t h e  F i s c h e r  e l l i p s o i d  1960, 

measured a long  t h e  radius vec to r .  ( f t )  

R a d i a l  d i s tance  from t h e  c e n t e r  of t h e  earth.  ( f t )  

Component of i n e r t i a l  v e l o c i t y  a long  t h e  radius 

v e c t o r  R. ( f t / s e c )  

Magnitude of t h e  i n e r t i a l  v e l o c i t y .  ( f t / s e c )  

F l i g h t  p a t h  w i t h  r e s p e c t  t o  V I .  

i n e r t i a l  v e l o c i t y  v e c t o r  and t h e  l o c a l  g e o c e n t r i c  

h o r i z o n t a l ,  p o s i t i v e  upward (deg.)  

Azimuth from n o r t h  of t h e  i n e r t i a l  v e l o c i t y  v e c t o r  

p r o j e c t e d  on a p l a n e  normal t o  t h e  radius vec to r .  (deg.)  

Angle between t h e  
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VA 

FPAA 

PSAV 

LAT 

LONG 

RTGN 

. 

RTGL 

ACC 

DRAG 

FLY 

l?LP 

GLOAD 

Magnitude of t h e  v e l o c i t y  r e l a t i v e  t o  t h e  a i r  mass. ( f t / s e c )  

F l i g h t  p a t h  w i t h  r e s p e c t  t o  t h e  VA. 

a i r  v e l o c i t y  v e c t o r  and t h e  l o c a l  g e o c e n t r i c  h o r i z o n t a l ,  

p o s i t i v e  upward. (deg.)  

Azimuth from n o r t h  of t h e  a i r  v e l o c i t y  v e c t o r  p r o j e c t e d  

on a p l a n e  normal t o  t h e  radius v e c t o r .  (deg . )  

Geodet ic  l a t i t u d e  of t h e  v e h i c l e  p o s i t i o n .  (deg . )  

Longitude of t h e  v e h i c l e  p o s i t i o n .  (deg. ) 

Right  ascens ion  of  t h e  l and ing  s i t e  from t h e  v e h i c l e  

p o s i t i o n  v e c t o r  measured i n  t h e  ins tan taneous  p l ane  

of  motion. The a n g l e  is p r o j e c t e d  t o  t h e  s u r f a c e  of  a 

s p h e r i c a l  earth.  (naut .  mi.) 

Dec l ina t ion  of  t h e  l and ing  s i t e  r e l a t i v e  t o  t h e  

in s t an taneous  p l ane  of  motion. The ang le  is p r o j e c t e d  

t o  t h e  surface o f  a s p h e r i c a l  earth.  (naut .  mi.) 

Magnitude of  t h e  t o t a l  a c c e l e r a t i o n  v e c t o r  ( f t / s e c 2 )  

Magnitude of t h e  aerodynamic drag f o r c e  a c t i n g  a long  

t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA. ( l b s . )  

Magnitude of t h e  aerodynamic l i f t  f o r c e  a c t i n g  normal 

t o  t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA and i n  t h e  in s t an taneous  

r e l a t i v e  p l a n e  of mot ion. ( l b s .  ) 

Magnitude of  t h e  aerodynamic l i f t  f o r c e  a c t i n g  normal t o  

t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA and normal t o  t h e  

in s t an taneous  r e l a t i v e  p l a n e  of motion. ( l b s .  ) 

R a t i o  of t h e  magnitude of  t h e  aerodynamic a c c e l e r a t i o n  

t o  t h e  magnitude of t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n .  

Angle between t h e  
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V 

ROLL R o l l  a t t i t u d e .  Angle between the  l i f t  vector  

(def ined in  a plane normal t o  the  r e l a t i v e  

v e l o c i t y  vector)  and t h e  l i n e  of i n t e r s e c t i o n  

of t h e  relative p lane  of motion and t h e  plane 

normal t o  t h e  r e l a t i v e  v e l o c i t y  vector .  Pos i t i ve  

0 t o  360 degrees counter clockwise a s  viewed from 

t h e  r e a r  o f  t h e  vehicle .  0 degrees represent ing  

maximum l i f t  up i n  t h e  r e l a t i v e  plane of motion. 

(deg. 1 

RLDOT Magnitude of t h e  r o l l  r a t e .  (deg/sec) 

TAG Guidance phase i n d i c a t o r  (1 t o  6 )  

1 - guidance phase p r i o r  t o  i n i t i a l  p u l l  up 

2 - guidance t a r g e t i n g  i t e r a t i o n  phase 

(determines guidance s t r a t e g y )  T h i s  

phase occurs a t  t h e  po in t  of p u l l  up, 

requi r ing  approximately 300 t o  500 

mil l iseconds o f  time t o  complete. 

3 - guidance "constant drag" o r  "reference 

t r a j e c t o r y "  phase. For var ious range 

requirements e i t h e r  one o r  both of 

these phases may be required.  

5 - guidance atmospheric sk ip  phase. Th i s  

phase may o r  may no t  exis t  as ranging 

requirements d i c t a t e .  

6 - guidance equilibriwn g l i d e  phase 
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